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SUMMARY

Theinvestigation(NACATN3165)of theeffectsofheattransferon
boundary-layertransitionon a parabolicbodyofrevolution(NACARM-1O
withoutfins)hasbeenextendedtohigherReynoldsnmbers,to greater

. amountsofheating,andtoa moreextensivestudyof theeffectsof sur-
faceirregularitiesanddisturbancesgeneratedintheairstresm.The
testsweremadeat a Machnumberof1.61andovera Reynoldsnmikr range*
from2.5x 106to35x 106. Themaximumcoolingof themodelusedin
thesetestscorrespondedto a wall-to-free-streamtemperatureratioof
1.L2,a valuesomewhathigherthanthetheoreticalvaluerequiredfor
infiniteboundary-layerstabilityat thisWch number.

Theresultstidicatethatthetrendfoundpreviouslyofan increase
inboundary-layertransitionReyaoldsnumberwithincreaseinmodel
coolingcontinuedtohigherReynoldsnumbers.me highesttransition
Reynoldsnumberobtainedwithcooltigwas28.5x 106. At thisReynolds
nmber,theclassicalTollmien-Schlichtingwavetypeofboundsry-1.ayer
instabili~wasapparentlyovershadowedby surfaceroughnesseffects.
Theresultsindicatedthat,whentransitionwasfixedby surfaceirregu-
laritiesorairstreamflowdisturbances,coolingwasnoteffectivein
obtaininglsminarflowbehindtheirregularityor disturbance.

IN!I!RODIETION

Inreference1 arepresentedtheresultsof a preliminarytivesti-
gationoftheeffectsofheattransferonboundsry-layertransitionat

%upersedestherecentlydeclassifiedNACARM L53B2~,“AnEktension
. of theInvestigationoftheEffectsofHeatTransferon Boundary-Layer

TEmnsitionona ParabolicE&y ofRevolution(NACARM-1O)at a l.kchWm-
berof1.61”by K.R. CzsxneckiandArchibaldR. Sinclair,1953.w
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a Machnumber
ofrevolution

of 1.61. Thetests
(NACARM-10tithOut

numiberofabout11x 106forthecasewithoutheattransfer.Theresults

NAC!ATN3166

k
weremadeona slenderparabolicbody
fins)whichhada transitionReynolds .

indicatedthatiftheboundary-layertransitionReynoldsnumberforzero
heattransferishigh,as itwasintit investigation,thenthesensi-
tivityoftransitiontoheatingor cooldmgishigh;if--zero-heat- ‘“ “-

-J

trsmsfertransitionReynoldsnuniberislow,as inthecaseofother
investigationsstudied,thentransitionisrelativelyinsensitiveto
heat-transfereffects.Thepreliminaryinvestigationalsoshowedthat

.

itwaspossible,by coolingthemodelan averageofabout50°F, to
increasetheReynoldsnuniberforwhichlaminarflowcouldbe maintained
overtheentirelengthof’thebodyfrom11x 106to 20x 106,thelimit
of thetests.

Theinvestigationhassincebeenextendedtodeterminetheeffec-

tivenessof coolingathigherReynoldsnumbers(upto about35x 106).
h addition,testsweremadewithgreateramountsofheating,anda
moreextensivestudywasmadeof theeffectsof surfaceirregularities
andairstresmdisturbanceson theabilityofheattransferto influence
boundary-layertransition.M addition,theexperimentaltechniques
wereexpandedta includeforcetests.Theresultsofthisextended
investigationarepresentedinthispaper. -

.

— T“

SYMBOIS

%
skin-friction4ragcoefficient,Skin-frictiondrag

qA

A x.usxhumcross-sectionalareaofbody

M free-streamMachnumber

~ free-streamdyzmnicpressure

L lengthofmodel

x distancealongmodel

R Reynoldsnuniberbasedonbodylengthandfree-stream
conditions

‘tr transitionReynoldsnuuiber

Te modelequilibriumtemperaturewithoutheatingor cooling,OF
.-

U

—

—,



NAC!ATN3166

% modelsurfacetemperaturewithheatingor cooling,%?

TO stagnationtemperature,%

AT averagetemperaturedifferenceforentiremodel,U!w- Te,‘F

AT
q average-temperature-differenceratioforentiremodel

T. free-streamtemperature,‘F

T#/Tm’ averagewall-to-free-streamtemperatureratioforentiremodel

A primemarkovera temperaturesymbol(forexample,To’)indicates
absolutetemperature.

APPARATUSANDTHE

WindTunnel

TheinvestigationwasconductedintheLangley4-by A-footsuper-
sonicpressuretunnelwhichisa rectangular,closed-throat,single-
returnwindtunnelwithprovisionforthecontrolofthepressure,tem-
perature,andhwnidi~of theenclosedair. Changesintest-section
Machnmibersreobtainedbydeflectingthetopamlbottomwallsof the
supersonicnozzleagainstfixedinterchangeabletemplateswhichhave
beendesignedto produceuniformflowinthetestsection.Thetunnel

1 to~ atmospheresstagnationpressureoperationrsmgeisfromabout-8
overa nominalMachnumberrangefrom1.2to2.2. Forqualitative
visual-flowobservation,a schlierenopticalsystemisprovided.

Forthetestsreportedherein,thenozzlewallsweresetfora
I&chnuniberof 1.61. At thisMachnumber,thetestsectionhasa width
of4.5feetanda heightof 4.4feet. Calibrationsoftheflowtithe
testsectionindicatethattheMachnumbervariationaboutthemean
valueof1.61isabout~0.01in theregionoccupiedby themodeland
thatthereareno significantirregularitiesinstreamflowdirection.

Mel andTechniques

A sketchof theNACARM-10modelwithoutfins,givingpertinent
dimensionsandconstructiondetails,isshowninfigure1 anda
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photographofthemodelispresentedas figure2. Thebodyhasa
psrabolic-arcprofilewitha basicfinenes$ratioof 15. Thepointed
sternhasbeencutoffat81.25percentoftheoriginallength,however,
sothattheactualbodyhasa lengthof 3Q.inchesanda maximumdismeter
of4.096inches.

A detailed’descriptionof themodelandtestingtechniquesisgiven
inreference1. Bodycontourswereestimatedtohavean averagedevi-
ationof.lessthan0.006inchanda maximumpossibledeviationofabout
0.020inch. Surfaceroughness(measuredbymeansof a Physicists
ResearchCo.Frofilometer,ModelNo.U.)variedbetween4.5and6 micro-
inchesrootmeansquareovermostofthemcdelandincreasedtoabout
lJ2microinchesnearthebase. In thepresenttests,theonlychanges
intestingtechniquefromthatgiveninreference1 involvedthesubsti-
tutionofan electricalheatingelementforthespraytubesandsteam
whenthemodelwastobe heated,theuseofan electricalstrain-gage
balanceto determinethebodytotaldrag,ad theuseofa setofpres-
suretubestodeterminethebasepressure.Inaddition,theendofthe
boundary-layertransitionregion(whereboundary-layervelocityprofiles
hadcompletedtheirtransitiontotheturbulenttype)wasnotdetermined
becauseitwasimpossibletodo sofromtheforcetestsandbecauseit
wasoftendifficulttodetermineaccuratelyfromtheboundary-layerpro-
filesobservedat thebaseofthemodel.

.

II

—.

—

Theheatingelementconsistedofa steelrodwoundwithheavy
resistancewireandwascapableof operationto 1,6oowatts.Current
inputintotheheatingelementwascontrolledby meansofa Variac.

Fortheforcetestswiththeelectricalstrati-gagebalance,base
pressuresweredeterminedbymeansof few-total-pressuretubesof
0.060-inchoutsidediameter(0.040-inchinsidediameter)mountedon the
surfaceofthestingintheplaneofthemodelbaseat 90°intervals.
Themodelskin-frictiondragwasthenobtainedby subtractingthebase
draganda valueofforebodypressuredragfromthetotaldragdeter-
minedby thebalarice.Valuesof forebodydragcoefficientassumedfor
themodelwere0.041whentheboundarylayerwasessentiallylaminar
and0.044whentheboundarylayerwasturb~ent.Thesevalueswere
estimatedfrompressuremeasurementsmadeonanothermodelof identilxl.
shape.

In orderto eliminateanyresidualeffectsofheatingandcooling
whendeterminingboundary-layercharacteristicsunderequilibriumor
adiabaticconditions,allsuchtestsweremadeas independentrunswith-
outheattigor cooling,andsmpletimewas.allowedforthemodelsurface
temperaturestoreachan equilibriumstate.

I!mndary-layertransitionwasdeterminedfromtheforcetestsby
plotttigskin-frictioncoefficientagainsttemperatureas illustrated

—

.
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i
infigure3. !Pransitionwasassumedto occurat theintersectionofthe
twobasicallydifferentsegmentsof thecurve.Thenearlyhorizontal. portionof thecurvecorrespondstoa completdylaminarboundarylayer
on thebody,whereasthesharplyslopedportionofthecurveat the
highertemperaturescorrespmdsto thecasewheretransitionhasoccurred
at thebaseof thebodyandismovingforward.Thetransitionresults
thusobtainedcheckedverywellwithschllerenobservations.Duringthe
coolingtests,datawere
heatingtests,datawere
cycles.

ana~zedonlyon
analyzedonboth

thewarm-upcycle;duringthe
theheatingandcool-down

!ikSts

Testsweremadewiththemodelina smoothsurfaceconditionand
withcircumferentialstripsof cellophanetape,0.003inchthick,at
the3-percent,25-percent,and50-percentbody-lengbhstations.Care
wasusedtoassurethatthetapeadheredsmoothlytothemodelsurface.
A seriesof testswasmadewitha wedgeof 18-inchspanmountedon the
tunnelfloor(seefig.4) sothattheshockoffthewedgeimpingedupon
themodelusuallysomewhereon theforwardhalf(x/L from0.25to 0.50).
Thiswedgewascutdownprogressivelyinanglefromabout10°toabout
2/3°andin somecasesin chordfrom8 inchesto 2 inches.A fewtests
werealsomadewitha setof smallwingor canardsurfacesattachedto
themodelatthe20-percentstation(fig.4). Alltestsmadeof con-
figurationsotherthanthebasicsmoothmodeltierelimitedto tests
withcooLhqgonly. Thetestsweremadewiththemodelat zeroangleof
attack.Thetunnelstagnationpressurewasvariedfromabout2 to
30poundspersquareinchabsolute,whichgavea Reynoldsnumberrange,
basedon themodellengthof50 inches,ofabout2.5x 106to35X 106.
Tunnelstagnationdewpointwasusuallykeptbelowabout-30°F except
at thehighesttestReynoldsnumberswhenthe
muchaspossible(dewpointabout-k5°F).

RXSULTSANDDISCUSSION

tunnelair wasdriedas

TestsWith5oth ml

Comparisenwithpreviousinvesti~tions.-Theresultsof the
presentinvestigationof theeffectsofheatingandcoolingonboundary-
layertransitionon thesmothmodelarepresentedinfigure5 as a plot
ofReynoldsnuniberforboundary-layertransitionas a functionof
temperature-differenceratioAT/TO’.Forcedataandboundary-layer-
pressuresurveyresultsaredifferentiatedby theuseof separatesymbo~.
includedinfigure5 aretheresultsforthebeginningofboundary-layer
transitionobtainedinprevioustestsof theNACARM-10model(ref.1]
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~d sometypicalresultsobtainedforbcdies,wings,andflatplatesin
otherinvestigations(seerefs.2 to6]anddiscussedinreference1.

A comparisonof theforceandboundary-layer-pressureresults
indicatesexcellentagreementbetweenthetwomethodsofdetermining
boundary-layertransition.Theagreementbetweentheresultsofthe
presentinvestigationandthoseof theprevioustestson thesamemodel
reportedinreference1 isalsoverygood.Theresultsindicatethat
as themodelisheatedtohightemperaturestherateofchangeof ~
with AT/To’decreasesuntilatthehighesttemperaturesinvestigated

.

.-

thetransitionReynoldsnuniberandtherateof changeof ~r with
AT/T.‘ areofthesameorderofmagnitudeasthosefoundinprevious
investigations(otherthanref.1). Thisresultistobe expected
sincetheboundarylayerbecomesmorestableas theReynoldsnumberis
decreasedandconsequentlyrequiresa greateramountofheatingfor
destabilization,andsticethecurveisasymptotictothezeroReynolds
nusiberaxis.

Asthemodeliscooledto lowertemperatures,theslopeof the
curveof ~ plattedagainstAT/To’ increases,althoughthe hcrease a,
isata slowerratethanthedecreasein slopeencounteredwithincreased
nmdelheating.ThemaximumtransitionReynoldsnumberobtainedwas
28.5x 106witha temperature-differenceratioof -0.161,or 92°F of “
modelcooling.

Factorsaffectingmaximum~ obtainable.-Themaximum~r that
couldbe obtainedwasapparentlylimitedby twofactors.Thefirst,and
probablythemoreimportantfactorinsofarasthisinvestigationiscon-
cerned,wasthegreatsensitivityof transitionto surfaceroughnessthat

—

resultsathighReynoldsnumberssincetheboundarylayerbecomesvery
thin. Forgreatervaluesof R than20x 105,successinobtaininglami-
narflowby coolingwasa randomaffairdependentuponhowsnmoththenose
of themodelwaspolished;changesh surfaceroughnessbetweendifferent
runs,sominuteastodefydetection,apparentlydeterminedwhetherornot
laminarflowwouldbe obtained.Inmauyotherinstancesduringtesting
(butnotintherunsdescribedabove)laminarflowwouldbe obtainedfor
severalsecondsormorebutwoulddisappearbeforeanyreliabletemper-
ature,force,orpressuredatacouldbe obtained.Examinationofthe
modelimmediatelyaftertherunalwaysshoweda fewminutenicksinthe

.—

surfacedueto sandblasting.Thissandblastingcouldnotbe eliminated
at thehighertunnelstagnationpressuresevenwithcarefulcleaningof
thetunnel.Also,duringtestsathighReynoldsnumibers,coolingof the

.—

modelwassoslowthata coatof icewitha roughsnowlikesurfacewould
oftenformdespiteeffortstokeepthetunnelunusuallydry (dewpoint
ofabout-~”). Thisiceprobablyaidedfi”preventingtheattainmentof .
laminarflow. On thebasisof theseresults,therefore,itappears

●
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POSSiblethattheTollmien-Schlichtingwavetypeofboundary-layer
instabilitywhichisprobablypredominmtat thelowerReynoldsnmnbers
isovershadowedby effectsof surfaceroughnessathigherReynoldsnum-
bers. Thesensitivityof laminarboundary-layerstabilityto surface
roughnessat highReynoldsnumbers@th cookhgis similarto that
experiencedat lowspeedswithboundsry-layersuction.Thisresultmay
be expectedbecauseinbothcasestheboundarylayerbecomesverythin.

ThesecondfactorwhichinfluencedthemaximumtransitionReynolds
numbersthatcouldbe obtainedinthisinvestigationwasthelowesttem-
peraturethatcouldbe obtainednearthenoseofthemodelwithcooling.
Thisproblemisshowninthetemperature-distributionplotoffigure6.
In somecasesthelowestobtainablenosetemperaturewasnotas lowas
theaveragemodeltemperature.SinceathighvaluesofRe~oldsnunber
boundary-layertransitionoccursnearthenoseofthemodel,a deficiency
incoolinginthisregioncaneasilyaccomtforthelackof successin
obtaininglaminsrflow.

Eecausetheaveragetemperatureof themodelaheadof thepointof
boundary-layertransitionisof considerablygreaterimportanceinthe

k studyofboundary-layerstabilitythantheaveragetemp=atureforthe
wholemodelas isusedinfigure~, it isapparentthattheexperimental
curveis somewhatinerrorandthereforeonlyqualitative,butit is

. consistentwiththepropertrends.On thebasisof theaveragemodel
temperatureaheadof thetransitionpoint,theslopeoftheexperimental
curvewillbe considerablyincreasd.Theproperaveragetemperature
thatshouldbe usedcouldnotbe estimatedfromthesetests.

Comparisonwiththeory.-A comparisonoftheexperimentalresults
obtainedinthisinvestigationwiththetheoretical.computationsfora
flatplateas calculatedby VanDriest(ref.7) ispresentedinfig-
ure7. Thecomparisonshowsthattheexperimentalcurveofboundary-
la.yertransitionfollowsthetrendsofthetheoreticalcurveforinitial
appearanceofboundary-layertistabili~fairlywellexceptfora dis-
placementtowardhigherReynoldsnmbers. If theexpertiental.results
arecorrectedto equivalentflat-plateReyuoldsnmbersby divisionof
theReynoldsnmnberby a factorsomewhatlessthan3 (accordingtoref.7
thefactor3 appliesto cones),theagreementisbetter.TheresultS
thusmaybe takento evidencetheexistegceof theclassicalTollmien-
Schlichtingwavetypeofboundary-layerinstabilityin thesetestsfor
Reynoldsnumbersup to thepointwheresurface-roughnesseffectsbecome
predominant.Itmaybe concluded,also,thatLees’theoryofboundary-
layerstabilityincompressibleflows(ref.8)as a?@iedby Van~iest
(ref.7) canpredictfairlywellthegeneraltrends,at least,of the
effectofheattransferontransition.

. Inspectionof figure7 showsthatthecurvesofboundary-layertran-
sition(experimentalcurve)andboundary-layerinstability(theoretical
curve)apparentlybecomeasymptoticto somecriticalvalueorvaluesof

*
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wall-to-free-streamtemperatureratio.Theoretically,the
willthenbe stableforallReynoldsnumbers(toimfinity)
tureratioslessthanthiscriticalvalue.Sincethemost

NACATN3166

boundarylayer
fortempera-
Powerful.effect

,—

of’coolingonboundary-layerstabilityortransitionoccurs-inthesmall-
temperature-ratiorangewherethecurvesapproachthisasymptoticcondi-
tion,itispossiblethatinthisraugedsmpingwouldoccurfordistur-
bancesofappreciablemagnitude.!I!hus,if sufficientcoolingwereapplied
tocoolthemodelbelowthecriticaltemperatureforcompletestability,
thentheboundarylayermightconceivablylosemuchof itssensitivity
to surfaceroughnessandtraverserelativelyroughsurfaceswithoutunder-
goingtransition.ThesmalJ_mount ofadditionalcoolingrewiredinthe
presentcasetotestthispossibilitycanbe seenfromfigure8,which
showstheaverageheatingandcoolingrangescoveredinthisinvestigation
andthetheoreticalwall-to-free-streamratiorequiredto stabilizecom-
pletelytheboundarylayer.A margintoallowf& inaccuracyin “-
theoryisdesirable.

TestsWithSurfaceRoughnessandTunnel”FlowDisturbances

the .-

!IWnsitionstrips.-Theresultsoftheforcetestsmadewith
cellophane-tapetransitionstripsat the3-,25-,and~0-percentbody-
‘lengthstationsarepresentedinfigure9. Thetheoreticalcurveswere
obtainedbymeans”oftheefiendedl%+nldandVoishelmethod(ref.9)for
theturbulentboundarylayerandtheChapmanandRubesinmethod(ref.10)
forthelaminarboundarylayer.Mangler’stransformation(ref.Xl.)was
usedinordertoapplytheflat-platecalculationsto three-dimensional
bodies.Theshort-dashedlinesindicatecoolingatconstantReynolds
numberandthearrowsindicatethedirectionofchangeinskin-friction
dragwithdecreasingtemperature.Toomuchemphasisshouldnotbe placed
uponthequantitativevaluesof skin-frictioncoefficientwithcooling,
as it isbelievedthatthequantitativeaccuracyofthebalancedeteri-
oratessomewhatat lowvaluesoft~perature..Thedirectionof the
trends,however,isnotaffected.

An analysisof theresultsfortheadiabaticorequilibriumcondi-
tions(zeroheattransfer)showsthatthecellophanetapeat the3-..and
25-percentbody-lengthstationscausedearlier-than-normaltransition,
whereas.thestripat the50-percentstationhadlittleor noeffect.
Attemptstoobtaincompletelylaminarflowby coolingforthecaseswith
cellophanetapeat thetwoforwardlocationswereunsuccessful.,evenat
Reynoldsnmibersonlyslightlyabovethoseatwhichtransitionfirst
appeared.Forthecaseof cellophsmetapeatthe50-percentstation
an attemptwasmadeto Qbtaincompletelylaminarflowby coolingat
R= 25.5X & Itwasestimatedthatat thisReynoldsnumbertransi-
tionwasslightlyaheadof the50-percentbodystationfortheuncooled
oradiabaticcondition.Theattemptwaspartiallysuccessfulinthat
lsminarflowwasapparentlyestablishedup to thestripof cellophane

.—.-
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tapealthoughnotbeyond.Theseresultswithsurface
. apparentlyanalogousto thoseobtainedforthesmooth

.

.

9

roughnessare
bodyathim

Reynoldsnunbersinthatboundary-layercoolingisnoteffective–in
dela@ngtransitionwhenbowdary-layertestabilityisassociatedpre-
dominantlywithsurfaceroughness.

Canardsurfaces.-Inpracticalairplaneandmissileconfigurations
wingsor smallcanardsurfaceswill.be placedwellforwardon thebody.
Inorderto investigatetheeffectsof suchsurfaceson transitionwith
cooling,testsweremadewithsmallcanardsurfacesplacedwiththe
leadingedgeat the16-percentbody-lengthstation(fig.4) at zero
angleof incidence.Theresultsindicatedthatthesurfacesstrongly
fixedtransitionat thislocationforReynoldsnumbersas lowas
2.5x 106andthatcoolingwillbe of littleavailinobtaininglaminar
flowbehindthesurfaces.

Tunneldisturbances.-Pastexperiencehasindicatedthatlaminar
boundarylayersbecomeincreasinglysusceptibleto separation,usually
foUowedbytransition,as theReynoldsnumberis increased.(For
exsmple,seeref.12.) Infact,theindicationsarethatat Reynolds
muibersof theorderof 20X 106to 30X 106l.sminarseparationwilJ
occuras a resultofa static-pressureriserelativeto streamdynamic
pressureofabout0.5percent.!Ihispressurerisecanbe generatedby
a shockhavinga turningangleof lessthan1/5°. Thus,at thesehigh
testReynoldsnumbersthelaminarboundarylayerwillseparateforpres-
surerisescloselyapproachingthemagnitudeof thepressuredisturb-
ancesthatmayexistinsupersonicwindtunnels.Inorderto checkthe
validityof thisprediction,a seriesof testswasmadewitha wooden
wedgeof 18-inchspanmountedon thetunnelfloorso thattheshock
fromtheleadingedgeofthewedgewouldimpingesomewhereon thefor-
wardhalfof themodel(fig.k).

~ detailedresultsarenotpresentedbuttheyindicatethateven
thesmallestwedgethatcouldbe tested(about2/30witha chordof
2 inches)precipitatedearlier-than-normaltransitionunderadiabatic
or zero-heat-transferconditions.Also,coolingthemodelwasinef-
fectualinobtaininglaminarflowbehindthepointwheretheshockoff
thewedgeimpingedupn themodel.Testswitha doublethiclmessof
cellophanetapereplacingthewedgeonthetunnelfloorshowedthatthe
disturbanceproducedwassosmallastohaveno effectunderboththe
no-heat-transferandthecoolingconditionsas comparedwiththesmooth
modelwithoutthespecialJyinduceddisturbances.Apparently,the
effectsoffinitedisturbancesthatcouldoriginateina testsectionof
a supersonictunnelarevery similarto theeffectsof surfaceroughness
on theabilityofheattransferta influenceboundary-layertransition.
An analysis,on thebasisof referenceX2,of theairflowintheregion
of thetestsectionoccupiedby themodelrevealedthatconsiderably
highervaluesof I& thanthoseobtainedinthepresentinvestigation
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shouldbe’attainablebeforetheflowdisturbancespresentinthe4-by
4-footsupersonicpressuretunnelwouldhavean effect. D

SUMMARYOFRESULTS

An investigationoftheeffectsofheat.@g,cooling,surfaceirregu-
larities,andairstreamdisturbancesonboundary-layertransitionona
parabolicbodyofrevolutionhasbeencarri@.outatReynoldsnumbers
rangingfrom2.>x 106to35x 106intheLangley4-by 4-footsupersonic ‘-—
pressuretunnel.

Thefollowingresultswereobtained:

1. Thetrendfoundprevious~(NACATN3165)ofan increasein
boundary-layertransitionReynoldsnumberwithincreaseinmodelcooling

.—

continuedtohigherReynoldsnumbers.me trendoftheresultsis in
agreementwiththeoreticalpredictions.

2. ThehighesttransitionReynoldsnumberobtainedinthisinvesti- “

gationwithcoolingwas28.5x 106.
—

At thisReynoldsnumbertheclassi-
calTollmien-Schlichtingwavetypeofboundary-layerinstabilitywas
apparentlyovershadowedby surfaceroughness”effects.

“.-
—

3. Inthepresenceofairstresmdisturbances(generatedby thin
wedgesmountedonthetest-sectionfloor)andsurfaceirregularities
suchas circumferentialstripsof cellophane.tapeandsmallcanardsur- —J

faces,itwasnotpossibleto obtainlamintiflowdownstreamof the
irregularityor disturbanceby application~fthemaxim~coolingavail-
ableinthepresenttests.It shouldbe noted,however,thatthelowest “ “--
walltemperaturein thesetestswassomewhathigherthanthetheoretical
valueforinfirdte..stabilityata free-streamMachnumberof1.61. It”
ispossible,therefore,thatsomefurtherreductioninwalltemperature

—

mightalterthisresult.

LangleyAeronauticalLaboratory,
NationalA+visoryCommitteeforAeronautics,

LangleyField,Vs.,February16,1933. —
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Figure1.-Sketchof NACAFU4-10mcdelandappratua for heating @ cooling.
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stabilityforflatplate(ref.7).
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cooling . M = 1.61.
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